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TITLE OF THE INVENTION 

SIMULATION APPARATUS , SIMULATION METHOD AND 
COMPUTER -READABLE RECORDING MEDIUM HAVING SIMULATION 
PROGRAM RECORDED THEREON AS WELL AS DESIGNING SUPPORTING 
APPARATUS 

PACKGR O UN P OF THE I N VENTION 

1) Field of the Invention 

This invention relates to a simulation apparatus, 
a simulation method and a computer- readable recording 
medium having a simulation program recorded thereon as 
well as a designing supporting apparatus suitable for use 
to check the workability when such working as assembly, 
disassembly or adjustment is performed for a subject 
designed by physical or mechanical characterization in 
a virtual three-dimensional space on a computer. 

2) Description of the Related Art 

In recent years, as enhancement in performance of 
a computer for designing equipments and apparatus and 
popularization of a design technique which employs a 
three-climensional CAD (Computer Aided Design) system have 
proceeded, a technique of performing inspection and 
examination of a design subject on a computer in a stage 
preceding to actual trial production of the design subject 
by constructing environment in which working such as 
assembly, disassembly or adjustment for the design 
subject is virtually performed on the computer has been 



developed in various places. 

Production of three-dimensional model data as 
designing operation in which such a three-dimensional CAD 
system as mentioned above is utilized usually requires 
much time, and upon designing, it is sometimes omitted 
to incorporate such parts as screws which are prescribed 
as standards as three-dimensional model data. In such 
an instance, it is sometimes difficult to incorporate 
omitted parts in the stage of trial production, and this 
makes a factor which causes a design miss. 

Accordingly, upon production of three-dimensional 
model data mentioned above, it is required as essential 
working to incorporate such parts as screws which are 
prescribed as standards. Also it is required to 
virtually verify it on a computer prior to actual trial 
production whether or not working for such a part can 
actually be performed by a working element such as a tool 
or a hand of a human being. 

Thus, a technique is available which provides 
environment in which a design subject is virtually 
produced by trial on a computer and allows a tool model 
or a human being model for performing working to be handled 
together with the design subject on the computer. By the 
technique, reviewing can be performed while working to 
be performed for the design subject is approximated to 
an actual working manner. 

Such techniques which involve verification of 
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handling of a tool to be used to assemble or disassemble 
an apparatus /equipment in a virtual three-dimensional 
space on a computer or a human being who performs working 
as described above are disclosed in Japanese Patent 
5 Laid-Open No. 132428/1995, Japanese Patent Laid-Open No . 
185431/1996 and Japanese Patent Laid-Open No. 
147166/1997, 

The technique disclosed in Japanese Patent 
Laid-Open No. 132428/1995 relates to an equipment 

10 assembling process supporting apparatus. According to 
the technique, steps when assembling and disassembling 
operations of an apparatus are performed are determined 
definitely and types of tools to be used for the individual 
steps and periods of use of the tools are determined 

15 definitely such that the same tool is prevented from being 
used at a plurality of locations within the same period 
to reduce the quantity of tools to be used for assembly 
and disassembly of the equipment. 

Meanwhile, the technique disclosed in Japanese 

20 Patent Laid-Open No. 185431/1996 relates to a designing 
supporting apparatus. According to the technique, 
models of parts and tools and/or persons are related to 
each other using a table for individual design subjects 
determined for individual assembly lines, and a part name 

25 and an assembly line name are inputted to discriminate 
assembly in which a tool is used or assembly by hand and 
search for shapes of a tool and a hand or shapes of a part 



and a hand as elements relating to working whereas a 
mounting position is inputted to discriminate whether or 
not assembly is possible from the point of view of human 
engineering . 

The technique disclosed in Japanese Patent 
Laid-Open No. 147166/1997 relates to an interference 
checking method and an interference checking apparatus 
for an assembly tool.* According to the technique, all 
assembling locations of a design subject are detected and 
tools and metal fittings to be used for assembly are 
selected based on data outputted from a three-dimensional 
CAD system, and a list indicating a relationship between 
the assembly locations and the tools and metal fittings 
to be used is produced. Then, it is checked whether or 
not the tools and the parts interfere with each other when 
the tools are arranged at the assembly locations, and if 
some trouble occurs, then the assembling order is changed 
and then checking is performed repetitively. 

For example, where the positions of holes formed 
in two parts which form a design subject are same, the 
holes are detected as holes to be used for performing 
assembling operations of the two parts, and tools and 
metal fittings to be used for such assembly are selected. 

However, in such techniques for verification 
regarding handling of tools to be used and/or human beings 
who perform working when an apparatus /equipment in a 
three-dimensional space is to be assembled or 



disassembled as described above, it is presupposed that 
they are applied to a subject as a result of completion 
of designing working, and no verification working is 
performed in the course of designing (in the designing 
step on the upstream) . 

In particular, if such verification is performed 
for the first time for a result of completed designing, 
then it is sometimes necessitated to modify the design 
for a large number of locations. Therefore, there is a 
subject to be solved in that the working load sometimes 
becomes higher than that in an alternative case wherein 
verification is performed in the designing process on the 
upstream and the designing working is proceeded by 
suitably modifying the design. 

Further, in the technique disclosed in Japanese 
Patent Laid-Open No. 132428/1995, a complicated setting 
work of relating models of parts and tools and/or human 
beings to each other in accordance with steps of each 
design subject must be performed in the designing stage 
by a designer. Accordingly, the technique disclosed in 
Japanese Patent Laid-Open No. 132428/1995 has a subject 
to be solved also in that an unnecessary working time is 
assigned to a designer. 

Also in the technique disclosed in Japanese Patent 
Laid-Open No. 185431/1996, a complicated setting work of 
relating models of parts and tools and/or human beings 
in accordance with an assembly line for each design 



subject must be performed in the designing stage by a 
designer. Accordingly, also the technique disclosed in 
Japanese Patent Laid-Open No. 185431/1996 has a subject 
to be solved in that an unnecessary working time is 
assigned to a designer. 

Further, in the technique disclosed in Japanese 
Patent Laid-Open No . 147166/1997, although, for example, 
where the positions of holes formed in two parts which 
form a design subject are same, the holes are detected 
as holes to be used for performing assembling operations 
of the two parts based on data outputted from a 
three-dimensional CAD system, depending upon a design 
subject, the two holes may not necessarily be holes to 
be used for performing assembling working of the two parts . 
Thus, the technique disclosed in Japanese Patent 
Laid-Open No. 147166/1997 has a subject to be solved in 
that it does not correctly reflect assembling and 
disassembling works of an actual apparatus. 

Further, in the technique disclosed in Japanese 
Patent Laid-Open No. 147166/1997, since the relationship 
of assembling locations to tools and metal fittings to 
be used are determined uniquely and, when interference 
occurs upon assembly from the relationships, only the 
assembling order is taken into consideration, there is 
no room to select assembly parts or tools in accordance 
with working environment , and even a design subject which 
allows assembly depending upon selection of assembly 
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parts or tools is sometimes determined that it does not 
allow assembly. 



SUMMARY OF THE INVENTION 
5 It is an object of the present invention to provide 

a simulation apparatus, a simulation method and a 
computer-readable recording medium having a simulation 
program recorded thereon as well as a designing supporting 
apparatus by which a problem upon designing can be found 
u3 10 in the designing stage on the upstream and the workability 

ffj can be verified without imposing an unnecessary working 

i« time to a designer. 

In order to attain the aspect of the present 
JU invention, there is provided a simulation apparatus for 

^ 15 simulating, based on design information of a design model 

?5 designed in a virtual three-dimensional space while one 

u3 or more standard part models standardized in advance based 

on a specification model are arranged in the design model , 
working for the standard part models arranged in the 
20 design model, comprising a working means model 
information storage section for storing information 
regarding a working means model related to one or more 
standard part models for working the standard part models , 
a working means model information extraction section for 
25 referring, based on information regarding the standard 
part models arranged in a design model, to the working 
means model information storage section to extract 
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information regarding a working means model to be used 
to work the standard part models arranged in the design 
model, and a working simulation execution section for 
executing a simulation of the working for the standard 
part models with the working means model based on design 
information of the design model and the information 
regarding the working means model extracted by the working 
means model information extraction section. 

According to another aspect of the present 
invention, there is provided a simulation method for 
simulating, based on data regarding a design model 
displayed in a virtual three-dimensional space and 
designed while one or more standard part models 
standardized in advance based on a specification model 
are arranged in the design model, workability according 
to a working means model used to work the standard part 
models arranged in the design model, comprising the steps 
of relating a working means model to one or more standard 
part models, acquiring the working means model related 
to the standard part models used upon designing of a design 
model, executing a simulation of working to be performed 
for the standard part models using the acquired working 
means model, and displaying a process of the execution 
of the simulation in a virtual three-dimensional space. 

According to a further aspect of the present 
invention, there is provided a computer- readable 
recording medium having a simulation program recorded 



thereon for causing, in order to cause a computer to 
execute, based on design information of a design model 
designed in a virtual three-dimensional space while one 
or more standardized standard part models are arranged 
in the design model , a simulation of working with a working 
means model used to work the standard part models arranged 
in the design model, the computer to implement a function 
of acquiring information regarding a working means model 
related to the standard part models used upon designing 
of a design model, a function of executing a simulation 
of working to be performed for the standard part models 
based on the acquired information of the working means 
model, and a function of displaying a process of the 
execution of the simulation in a virtual three- 
dimensional space. 

According to a still further aspect of the present 
invention, there is provided a designing supporting 
apparatus, comprising a standard part model information 
storage section for storing information regarding one or 
more standard part models standardized in advance based 
on a predetermined specification model, and a designing 
supporting section for arranging one or more standard part 
models to perform supporting for designing a subject in 
a virtual three-dimensional space, the designing 
supporting means including an attribute information 
extraction section for referring to the standard part 
model information storage section to extract attribute 



10 

information of a working means model to be used to work 
the standard part models arranged in the subject designed 
in the virtual three-dimensional space, and a design data 
outputting section for outputting data regarding the 
subject designed in the virtual three-dimensional space 
and data regarding the attribute information extracted 
by the attribute information extraction section as design 
data. 

With the simulation apparatus, the simulation 
method and the computer- readable recording medium having 
a simulation program recorded thereon as well as the 
designing supporting apparatus, information of working 
means models stored in the working means model storage 
section is related to standard part models by coordination 
of attribute information, and a working means model 
related to a standard part model used upon designing of 
a design model is acquired rapidly, and then a simulation 
of working to be performed for the standard part model 
can be executed using the acquired working means model. 
Consequently, during designing of an apparatus /equipment 
model in which a three-dimensional CAD system is used, 
there is no need of registering information regarding an 
actual tool into design data themselves in advance . 
Consequently, there is an advantage that the efficiency 
of modeling operation by a three-dimensional CAD system 
can be improved. \ 

Further, even if, \ during designing of an 
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apparatus /eqiiipment model in which a three-dimensional 
CAD system is Vised, design data are produced without 
performing sucnv working as retrieval or relating 
operation of part inodels, since a simulation of working 
for standard part models arranged in the design data can 
be executed, a simulation can be performed also at an 
initial stage or ill the source of designing. 
Consequently, there is anVdvantage that a simulation can 
be performed in the furtherNupstream designing stage and 
leakage of interference checking of an apparatus or 
equipment after completion of designing can be prevented. 

Since the workability can be verified without 
imposing an unnecessary designing time upon a designer 
through reduction of the frequency of doing over again 
of a part shape changing work or an assembling work of 
a three-dimensional CAD model, which provides a high 
working load, such as, for example, modification to a 
metal mold or variation of a shape of an actual part 
necessitated from a design change , the working efficiency 
can be raised remarkably. 

The above and other objects, features and 
advantages of the present invention will become apparent 
from the following description and the appended claims, 
taken in conjunction with tlife accompanying drawings in 
which like parts or elements denoted by like reference 
symbols . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an aspect 
of the present invention; 

FIG. 2 is a functional block diagram of a simulation 
apparatus according to an embodiment of the present 
invention; 

FIG. 3 is a diagrammatic view showing a hardware 
construction of the simulation apparatus of FIG. 2; 

FIG. 4 is a diagrammatic view illustrating 
designing working by a three-dimensional CAD system shown 
in FIG. 2; 

FIG. 5 is a diagrammatic view illustrating relating 
operation of standard part models stored in a standard 
part library and working means models stored in an actual 
model data storage section of the simulation apparatus 
of FIG. 2; 

FIGS. 6 to 8 are schematic views each showing an 
example of a standard part model used in the simulation 
apparatus of FIG. 2 together with a reference position 
of it; 

FIGS. 9A, 9BandlOA, 10B are schematic views showing 
different examples of a standard part model and a working 
means model used in the simulation apparatus of FIG. 2 
together with reference positions of them; 

FIGS. 11 and 12 are flow charts illustrating an 
example of operation of the simulation apparatus of 
FIG. 2; 
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FIG. 13A is a schematic view illustrating an example 
wherein it is detected by the simulation apparatus of 
FIG. 2 as a result of confirmation of a route along which 
a working means model arrives at a standard part model 
that interference occurs between them and FIG. 13B is a 
similar view but illustrating another example wherein it 
is detected by the simulation apparatus of FIG. 2 as a 
result of confirmation of a route along which a working 
means model arrives at a standard part model that 
interference does not occur between them; 

FIG. 14 is a schematic view illustrating an example 
of an ideal working range amount of a working means model 
used in the simulation apparatus of FIG. 2; 

FIG. 15 is a schematic view illustrating an example 
of a working range amount within which working can be 
performed using a working means model in the simulation 
apparatus of FIG. 2; 

FIGS . 16 to 24 are schematic views showing different 
successive displaying manners displayed on a monitor as 
a result of simulation by the simulation apparatus of 
FIG. 2; 

FIGS . 25 to 32 are schematic views showing different 
successive displaying manners displayed on the monitor 
as a result of simulation by the simulation apparatus of 
FIG. 2; 

FIG. 33 is a flow chart illustrating a manner of 
changing information regarding working means models 
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(actual models) stored in the actual model data storage 
section of the simulation apparatus of FIG. 2; 

FIG. 34 is a functional block diagram showing a 
computer as a designing supporting apparatus according 
to another embodiment of the present invention; and 

FIG. 35 is a block diagram showing a hardware 
construction of the computer shown in FIG. 34. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
a. Aspect of the Invention 

First, an aspect of the present invention is 
described with reference to the drawings. 

FIG. 1 is a block diagram of a simulation apparatus 
according to an aspect of the present invention. 
Referring to FIG. 1, the simulation apparatus is generally 
denoted at 1 and simulates, based on design information 
of a design model designed in a virtual three-dimensional 
space while one or more standard part models standardized 
in advance based on a specification model are arranged 
in the design model, working for the standard part models 
arranged in the design model. The simulation apparatus 
1 includes a working means model information storage 
section 3, a working means model information extraction 
section 2 and a working simulation execution section 4. 

The working means model information storage section 
3 stores information regarding a working means model 
related to one or more standard part models for working 
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the standard part models. 

The working means model information extraction 
section 2 refers, based on information regarding the 
standard part models arranged in a design model, to the 
working means model information storage section 3 to 
extract information regarding a working means model to 
be used to work the standard part models arranged in the 
design model. 

The working simulation execution section 4 executes 
a simulation of the working for the standard part models 
with the working means model based on design information 
of the design model and the information regarding the 
working means model extracted by the working means model 
information extraction section 2. 

The simulation apparatus 1 may be constructed such 
that the information regarding the standard part models 
arranged in the design model include attribute 
information of the working means model related to the 
standard part models, and the working means model 
information extraction section 2 refers to the working 
means model information storage section 3 based on the 
attribute information to extract the information 
regarding the working means model . 

The simulation\apparatus 1 may other be constructed 
such that the workings means model information storage 
section 3 stores information of one ore more tool models 
which are models of actual\ools and/or a hand model which 



is a model of a hand of a worker as the information 
regarding the working \means model. 

The simulation apparatus 1 may otherwise be 
constructed such that the information regarding the 
working means model stored in the working means model 
information storage section 3 includes reference position 
information of the working means model when the working 
means model works the standard part models while the 
design information of the design model includes reference 
position information of the standard part models when the 
working means model works the standard part models, and 
the working simulation execution section 4 performs a 
simulation of a relationship in position/posture of the 
working means model to the standard part models based on 
the reference position information of the working means 
model and the standard part model. 

In this instance, the simulation apparatus 1 may 
be constructed such that the working means model 
information storage section 3 stores information of a 
plurality of reference positions for any working means 
model which allows operation thereof in a plurality of 
different methods, and the working simulation execution 
section 4 executes a working simulation according to the 
plurality of operation methods. 

The simulation apparatus 1 described above may 
further comprise an interference checking section for 
checking interference of the working means model while 
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the working simulation execution section 4 executes a 
simulation of the working for the standard part models 
with the working means model . 

In this instance, the simulation apparatus 1 may 
be constructed such that the interference checking 
section checks interference of the working means model 
including a route along which the working means model 
arrives at one of the standard part models when the 
standard part model arranged in the design model is worked 
using the working means model. 

^Smrther, the simulation apparatus 1 may further 
comprise aN^orkability evaluation coefficient storage 
section for storing, for the working means model included 
in the same attribute, a workability evaluation 
coefficient which makes\reference for evaluation of a 
workability of the working me^ns model , and a workability 
evaluation section for evaluatin^fsthe workability based 
on a result of execution of the workin^§imulation by the 
working simulation execution section and the 

workability evaluation coefficient stored the 
workability evaluation coefficient storage sectioiK. 

nK.this instance, the simulation apparatus 1 may 
be constructed>-^§uch that the working means model 
information storage sec^EirOji 3 stores information of a 
plurality of reference positions^Qr any working means 
model which allows operation thereof ln^a^plurality of 
different methods and the working simulation execution 
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section 4 executes a working simulation according to the 
plurality of operation methods while the workability 
evaluatreqi coefficient storage section stores a 
workability^s^yaluation coefficient which makes a 
reference for ev^^ation of a workability for each of the 
operation methods of T*Jie working means model, and the 
workability evaluation section evaluates the workability 
of the working means model for each of the working methods 
based on a result of execution of the working simulation 
according to the working method anoS^he workability 
evaluation coefficient stored for the opea^ation method 
of the working means model in the workability evaluation 
coefficient storage section. 

Further, the simulation apparatus 1 may be 
constructed such that the working means model information 
storage section 3 stores information regarding a working 
condition necessary for working for the working means 
model as information regarding the working means model, 
and the working simulation execution section 4 executes 
a working simulation based on the information regarding 
the working condition of the corresponding working means 
model stored in the working means model information 
storage section 3. 

In this instance, the working means model 
information storage section 3 may store information 
regarding working spaces necessary for working with the 
working means model as the information regarding the 
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working conditions of the individual working means model . 

Furthermore, at least one of a fastening part model, 
an adjustment part model and a connector part model may 
be used for the standard part models. 

Meanwhile, according to the present invention, a 
simulation method for simulating, based on data regarding 
a design model displayed in a virtual three-dimensional 
space and designed while one or more standard part models 
standardized in advance based on a specification model 
are arranged in the design model, workability according 
to a working means model used to work the standard part 
models arranged in the design model, comprises the steps 
of relating a working means model to one or more standard 
part models, acquiring the working means model related 
to the standard part models used upon designing of a design 
model, executing a simulation of working to be performed 
for the standard part models using the acquired working 
means model, and displaying a process of the execution 
of the simulation in a virtual three-dimensional space. 

In this instance, as the simulation of the working 
to be performed for the standard part models , a simulation 
of at least one kind of working from among assembling 
working, disassembling working, adjustment working and 
maintenance working for the standard part models may be 
performed. 

Further, where a tool is used to work the standard 
part models, the tool and a hand of a worker who uses the 
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tool may be used as the working means model to perform 
the simulation of the working. Meanwhile, where the 
standard part models are to be worked by a hand of a worker 
itself, the hand of the worker may be used as the working 
means model to perform the simulation of the working. 

In those instance, when the process of execution 
of the simulation of the working is displayed in the 
virtual three-dimensional space, the working means model 
may be displayed in a shape suitable for an object of use 
in the virtual three-dimensional space. 

Further, a process through which the working means 
model arrives at one of the standard part models which 
provides a subject position and a manner of working 
performed based on a condition defined in advance for the 
working means model may be displayed as the process of 
execution of the simulation of the working. 

In this instance , after the working performed based 
on the condition defined in advance for the working means 
model is completed, a process through which the working 
means model is spaced away from the subject position based 
on a condition defined in advance for the standard part 
models may be displayed, and after the working means model 
is spaced by a predefined distance away from the subject 
position, the display of the working means model or the 
working means model and the standard part models may be 
erased. 

Further, when interference occurs with the working 
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means model in a process of execution of the working to 
be performed for the standard part models with the working 
means model, an occurrence condition of the interference 
may be displayed. 

On the other hand, according to the present 
invention, a computer- readable recording medium having 
a simulation program recorded thereon is constructed such 
that the simulation program causes, in order to cause a 
computer to execute, based on design information of a 
design model designed in a virtual three-dimensional 
space while one or more standardized standard part models 
are arranged in the design model, a simulation of working 
with a working means model used to work the standard part 
models arranged in the design model, the computer to 
implement a function of acquiring information regarding 
a working means model related to one or more standard part 
models used upon designing of a design model, a function 
of executing a simulation of working to be performed for 
the standard part models based on the acquired information 
of the working means model, and a function of displaying 
a process of the execution of the simulation in a virtual 
three-dimensional space . 

Further, according to the present invention, a 
designing supporting apparatus comprises a standard part 
model information storage section for storing information 
regarding one or more standard part models standardized 
in advance based on a predetermined specification model, 
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and a designing supporting section for arranging one or 
more standard part models to perform supporting for 
designing a subject in a virtual three-dimensional space, 
the designing supporting means including an attribute 
information extraction section for referring to the 
standard part model information storage section to 
extract attribute information of a working means model 
to be used to work the" standard part models arranged in 
the subject designed in the virtual three-dimensional 
space, and a design data outputting section for outputting 
data regarding the subject designed in the virtual 
three-dimensional space and data regarding the attribute 
information extracted by the attribute information 
extraction section as design data. 

With the simulation apparatus, the simulation 
method and the computer- readable recording medium having 
a simulation program recorded thereon as well as the 
designing supporting apparatus, information of working 
means models stored in the working means model storage 
section is related to standard part models by coordination 
of attribute information, and a working means model 
related to a standard part model used upon designing of 
a design model is acquired rapidly, and then a simulation 
of working to be performed for the standard part model 
can be executed using the acquired working means model. 
Consequently, during designing of an apparatus /equipment 
model in which a three-dimensional CAD system is used, 
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there is no need of registering information regarding an 
actual tool into design data themselves in advance. 
Consequently, there is an advantage that the efficiency 
of modeling operation by a three-dimensional CAD system 
can be improved. , 

Further, even if, during designing of an 
apparatus/ equipment \model in which a three-dimensional 
CAD system is used, xiesign data are produced without 
performing such working as retrieval or relating 
operation of part modelsy, since a simulation of working 
for standard part models arranged in the design data can 
be executed, a simulation\can be performed also at an 
initial stage or in tn^ source of designing. 
Consequently, there is an advantage that a simulation can 
be performed in the further upstream designing stage and 
leakage of interference checkrng of an apparatus or 
equipment after completion of designing can be prevented. 

Since the workability can be verified without 
imposing an unnecessary designing time upon a designer 
through reduction of the frequency of doing over again 
of a part shape changing work or an assembling work of 
a three-dimensional CAD model, which provides a high 
working load, such as, for example, modification to a 
metal mold or variation of a shape of an actual part 
necessitated from a design change, the working efficiency 
can be raised remarkably. 

Furthermore, with the simulation apparatus 
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according to the aspect of the present invention described 
above, since attribute information of a working means 
model to be used to work can be included in information 
regarding a standard part model, even where the actual 
working means model is different because of a difference, 
for example, of an assembly line or a factory, there is 
no need of varying simulation conditions other than design 
data and the working * means model, and the man-hours 
necessary for simulation working are reduced 
significantly. This provides another advantage that, 
since it is not necessary for the system to always store 
information regarding a large number of working means 
models, a simulation can be performed with a smaller 
amount of computer resources. 

Further, with the simulation apparatus according 
to the aspect of the present invention described above, 
since information regarding the working means models 
stored in the working means model information storage 
section includes reference position information of the 
working means model side when the working means model 
works the standard part model and design information of 
the design model includes reference position information 
of the standard part model side when the working means 
model works the standard part model, it can be stored what 
tool is used in what positional relationship to the 
standard part model, and there is no need of getting aware 
of a type of a tool model to be used upon execution of 
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a simulation or a positional relationship of the tool 
model to the standard part model and an efficient 
simulation operation can be performed simply. This also 
contributes to improvement in quality of a design subject . 

Further, although the actual workability is 
different whether a standard tool is used or a special 
tool is used or where the same tool is used in a different 
manner , the workability can be evaluated while taking such 
a difference in workability into consideration. 
Consequently, there is an advantage that evaluation of 
the workability can be made further conform to real 
working. 

b. Embodiment of the Invention 

Referring now to FIG. 2, there is shown a simulation 
apparatus according to a preferred embodiment of the 
present invention. The simulation apparatus is 
generally denoted at 10 and is generally constructed such 
that it receives information (design information) 
regarding a design model (principally a structure model 
being designed) designed in a virtual three-dimensional 
space while part models are arranged by an external 
computer 30 as input file data and simulates working with 
working means models (for example, screwdrivers) which 
work standard part models (for example, screws) which form 
the design model. 

In particular, the simulation apparatus 10 
according to the present embodiment performs simulation 
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regarding such working as assembling working, 
disassembling working, adjustment working or maintenance 
working regarding a standard part model . In other words , 
through operation of the simulation apparatus 10, working 
for a standard part model by a working means model can 
be regenerated in an equivalent condition to that of 
actual working. 

Here, the standard part model is a part model 
standardized in advance based on a predetermined standard 
model and includes, for example, a fastening part model 
(for example, a fastening screw and so forth) for use to 
secure part models to each other, an adjustment part model 
for use to finely adjust an arrangement relationship 
between part models and so forth, a connector part model 
(for example, a modular jack for a telephone cable and 
so forth) for use for connection of a part model such as, 
for example, a cable to an external terminal, and so forth. 

Meanwhirte, the working means model includes an 
actual tool model ( screwdriver , spanner and so forth) for 
use to work such a standard part model as described above, 
a hand model to be usted when a worker works directly with 
its hand, and so forth.. 

The computer 30 includes a three-dimensional CAD 
system 31 which functions as a designing supporting 
section, and a standard part library 32 which functions 
as a standard part model information storage section, and 
outputs design data regarding a design model designed in 
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a virtual three-dimensional space to the simulation 
apparatus 10. 

The three-dimensional CAD system 31 performs 
supporting for designing a subject in a virtual 
three-dimensional space while arranging standard part 
models which will be hereinafter described. In other 
words, the three-dimensional CAD system 31 refers to the 
standard part library 32, which will be hereinafter 
described, based on operation information of an inputting 
device such as a keyboard or a mouse not shown which forms 
the external computer 30, and provides environment in 
which an arbitrary apparatus /equipment model can be 
designed in a virtual three-dimensional space. 

In particular, in designing in which the three- 
dimensional CAD system 31 is used, in order to design an 
apparatus /equipment of a subject, modeling of various 
parts and arranging working of modeled parts (hereinafter 
referred to simply as part models) are performed or 
working of selectively and successively arranging 
appropriate ones of the standard part models stored in 
the standard part library 32 is performed. 

For example, as seen in FIG. 4, under environment 
wherein the three-dimensional CAD system 31 operates on 
the computer 30, the three-dimensional CAD system 31 can 
perform designing working by first producing (modeling) 
part models 31A and 31B based on operation information 
of the inputting device such as the mouse (steps Al and 
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A2) and then producing an assembly through a process of 
arranging standardized standard part models 31C so that 
they are assembled in a predetermined determined 
positional relationship to the part models 31A and 31B 
(step A3) . 

It is to be noted that design information (that is, 
three-dimensional CAD data) of the design model being 
designed by the computer 30 described above is suitably 
converted into file data (a design subject data file) 
(step A4) and fetched by the simulation apparatus 10 of 
the present embodiment. 

More particularly, the simulation apparatus 10 can 
fetch such file data in the form of a file stored on a 
recording medium or can fetch file data inputted over a 
communication line or the like. 

The standard part library 32 stores (defines) model 
data (three-dimensional CAD data such as the size and the 
shape) of part models which are used commonly in designing 
working by the three-dimensional CAD system 31 described 
above as model data of standard part models standardized 
in advance based on predetermined specification models. 

For example, the standard part library 32 can store 
model data at least one of fastening part models such as 
screws, adjustment part models such as screws for 
adjusting arrangement relationships between part models 
which form apparatus /equipment models and connectors for 
connection between a housing and a cable as standard part 
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models . 

Further, the standard part library 32 stores, in 
addition to model data of standard part models described 
above, attribute information (virtual tool information) 
of working means models related to individual standard 
part models position information (reference position 
information) regarding a reference position (on the 
standard part model side) when a working means model works 
a standard part model. 

More particularly, as seen in FIG. 5, the standard 
part library 32 stores, for example, model data of 
fastening part models 32-1 to 32-3 as standard part models , 
and further stores attribute information of tool models 
for working the fastening part models 32-1 to 32-3 and 
information of reference positions upon working with the 
tool models . 

In this instance, as attribute information of tool 
models to be used to work the fastening part models 32-1 
and 32-2, a "medium- size screwdriver" is stored, and as 
attribute information of a tool model to be used to work 
the fastening part model 32-3 which is larger in size than 
the fastening part models 32-1 and 32-2, a "large-size 
screwdriver" is stored. 

It is to be noted that, for attribute information 
of tool models, virtual tool names (virtual tool 
information) corresponding to categories of a plurality 
of types of actually used tool models categorized taking 
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notice of a nature such as the size or the function like 
the "medium-size screwdriver" and "large-size 
screwdriver" mentioned above may be used. 

Further, as seen in FIG. 6, the aforementioned 
reference position of a model 32A of a screw as a standard 
part model which is fastened by a Phillips screwdriver 
is a position 32A' , and the standard part library 32 can 
store information of the reference position 32A* 
(reference position information) together with model data 
and the aforementioned attribute information of the model 
32A of a screw. 

Similarly ,\as seen in FIG. 7, the reference position 
of a model 32B of a screw as a standard part model which 
is fastened by a hexagon wrench is a position 32B' which 
makes a reference when the model 32A of a hexagon wrench 
works the model 32B, and the standard part library 32 can 
store information of \he reference position 32B' 
(reference position information) together with model data 
and the aforementioned attrimite information of the model 
32B of a screw. \ 

The computer 30 can refer, by operation of the 
three-dimensional CAD system 31, to the standard part 
library 32 , in which information regarding such standard 
part models as described above is stored, to produce a 
design model. Information regarding standard part 
models which form the design data produced in this manner 
can include the attribute information and the reference 
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position information (stored in such a standard part 
library 32 as described above) . 

In other words, the three-dimensional CAD system 
31 described above functions as an attribute information 
extraction section for referring to the standard part 
library 32 to extract attribute information of a working 
means model for working a standard part model arranged 
in a design model as a subject designed in a virtual 
three-dimensional space, and further has a function as 
a design data outputting section for outputting data 
regarding the subject designed in the virtual three- 
dimensional space and data regarding the attribute 
information extracted by the attribute information 
extraction section to the simulation apparatus 10. 

In particular, design information to be delivered 
as file data to the simulation apparatus 10 may include 
data of standard part models arranged in the virtual 
three-dimensional space as well as attribute information 
of working means models related to the individual standard 
part models and position information (reference position 
information) which makes references (on the standard part 
model side) when the working means models work the 
standard part models. 

Referring now to FIG. 3, the simulation apparatus 
10 according to the present embodiment is formed from a 
computer which includes, as hardware components, an 
actual model data storage section 11, an evaluation 
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coefficient data storage section 12, an evaluation result 
data storage section 13, a monitor 14 which can display 
a manner of execution of a simulation, a keyboard 15 and 
a mouse 16 for performing an inputting operation, and a 
processing unit 20 which performs various processes to 
perform a working simulation according to the present 
embodiment . 

The actual model data storage section 11 stores 
information regarding actual tool and/ or hand models as 
working means models for working standard part models in 
a condition related to various standard part models stored 
in the standard part library 32 and thus functions as a 
working means model information storage section. 

Further, the actual model data storage section 11 
can store information regarding working means models as 
actual model data in a condition related to attribute 
information of the working means models. In particular, 
the processing unit 20 which will be hereinafter described 
can refer to the actual model data storage section 11 using 
attribute information as a key to extract information 
regarding a necessary working means model. 

The attribute information of the working means 
models related to the working means models in the actual 
model data storage section 11 correspond to the attribute 
information of the working means models described above 
included as information regarding the standard part 
models so that the standard part models in the design data 
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and the working means models stored in the actual model 
data storage section 11 can be related to each other 
through the attributed information. 

In other words, the processing unit 20 which will 
be hereinafter described can refer to the actual model 
data storage section 11 using attribute information of 
a working means model included in the information 
regarding a standard part model in design data as a key 
to extract information regarding the working means model 
to be used to work the standard part model . 

Further, the actual model data storage section 11 
can store, as information regarding a working means model 
described above, position information (reference 
position information) which makes a reference (on the 
working means model side) when a standard part model is 
to be worked in addition to model data of the working means 
model . 

In particular, referring to FIG. 8, the reference 
position of an actual model 11A of a Phillips screwdriver 
corresponds to a position 11A' which makes a reference 
when the Phillips screwdriver as the actual model 11A 
performs working, and the actual model data storage 
section 11 can store also information of the reference 
position 11 A* (reference position information) together 
with model data of the actual model 11A. 

Further, the actual model data storage section 11 
stores information regarding working conditions 
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necessary for working of individual working means models , 
for example, information regarding working spaces 
necessary upon working with the working means models. 

For example, while a working means model such as 
a spanner requires, from a characteristic of working to 
be performed thereby, a working space of a predetermined 
magnitude therearound when it performs working, and the 
actual model data storage section 11 stores, as such 
information regarding working means models, ideal 
conditions which are ideal working conditions upon 
working, standard conditions which allow ordinary working, 
necessary and minimum conditions which allow the working 
means models to function, basic rotation units and so 
forth. 

By the way, depending upon a nature of a working 
means model, working can be performed in a plurality of 
working methods, and a plurality of reference positions 
when working is performed may possibly be available 
corresponding to the working methods. 

For example, an actual model 11B of a hexagon wrench 
can be applied to either of a working method wherein a 
shorter one 11B-1 of two long and short shanks 11B-2 and 
shank 11B-1 thereof is fitted (refer to® of FIG. 9B) in 
a recess 32B' which makes a reference position to the 
standard part model 32B to perform working (refer to 
FIG. 9A or (D of FIG. 9B) and another working method 
wherein the longer shank 11B-2 thereof is fitted (refer 
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to (D of FIG. 10B) in the recess 32B' which makes a 
reference position to the standard part model 32B to 
perform working (refer to FIG. 10A or (2) of FIG. 10B) . 

In this instance, the actual model data storage 
section 11 can store information regarding a reference 
position 11B ' - 1 when working is performed in such a manner 
as illustrated in FIGS. 9A and 9B using the actual model 
11B of a hexagon wrench, and can store information 
regarding another reference position llB'-2 when working 
is performed in such a manner as illustrated in FIGS. 10A 
and 10B. 

In other words, the actual model data storage 
section 11 can store, for a working means model which can 
be operated in a plurality of methods as described above, 
information of the plurality of reference positions. 

The evaluation coefficient data storage section 12 
stores, for each of working means models included in the 
same attribute, a workability evaluation coefficient 
which makes a reference for evaluation of the workability 
of the individual working means model, and functions as 
a workability evaluation coefficient storage section. 

In particular, the evaluation coefficient data 
storage section 12 stores a workability evaluation 
coefficient for evaluating the workability of each 
working means model with reference to the workability in 
ordinary working environment with a standard working 
means model based on attribute information related to each 
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standard part model in the standard part library 32 
described above. 

Further, for a working means model which can be 
operated in a plurality of different methods as described 
above, the evaluation coefficient data storage section 
12 stores a workability evaluation coefficient which 
makes a reference for evaluation of the workability for 
each of the operation methods of the working means model. 

The evaluation result data storage section 13 
stores a workability evaluation result calculated based 
on an evaluation result of the workability for a result 
of a working simulation performed with a working means 
model and a workability evaluation coefficient stored in 
the evaluation coefficient data storage section 12 
described above. 

It is to be noted that the actual model data storage 
section 11, evaluation coefficient data storage section 
12 and evaluation result data storage section 13 described 
above can be implemented by a recording medium as an 
external storage apparatus such as a disk apparatus, a 
CD-ROM or a floppy disk, or a remote data base connected 
over a line or the like. 

Referring back to FIG. 2, the processing unit 20 
includes a processor, a memory and so forth not shown as 
hardware components, and includes, as functional 
components, a general controller 21, a part/tool 
information management section 22, a simulation 
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calculation execution section 23, an interference 
checking section 24, and a evaluation result management 
section 25 and can perform various processes necessary 
to execute a working simulation according to the present 
embodiment . 

It is to be noted that functions as the general 
controller 21, part/tool information management section 
22, simulation calculation execution section 23, 
interference checking section 24 and evaluation result 
management section 25 of the processing unit 20 described 
above can be implemented by fetching a simulation program 
from a computer-readable recording medium such as, for 
example, a CD-ROM or a disk apparatus and causing the 
simulation program to operate on the processing unit 20. 

The general controller 21 generally controls entire 
processing performed by the processing unit 20. 
Particularly , the general controller 21 accepts operation 
instruction information or the like from the keyboard 15 
or the mouse 16, requests the other function sections 22 
to 25 to perform necessary processing or accesses data 
of the function sections 22 to 25 based on design 
information from the computer 30 described above inputted 
thereto as file data, and controls the monitor 14 to 
display thereon results of various processes or a result 
of execution of an operation instruction from the keyboard 
15 or the mouse 16. 

The part/tool information management section 22 
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receives, through the general controller 21, attribute 
information of a working means model related to a standard 
part model arranged in a design model in a virtual 
three-dimensional space, which forms design information 
from the computer 30 described above, and refers to the 
actual model data storage section 11 to extract working 
means model data corresponding to the attribute. 

More particularly, the part /tool information 
management section 22 refers to an address conversion 
table (not shown) or the like provided to establish 
relation between attribute information from the general 
controller 21 and address information of the actual model 
data storage section 11 in which corresponding working 
means model data are stored. 

In this manner, for example, information regarding 
a working means model of a storage area for working means 
models (in this instance, for example, tool sets 110A to 
HOC and so forth) corresponding to the "medium-size 
screwdriver" as attribute information (virtual tool 
information) can be extracted (refer to FIG. 5) 

Consequently, the part /tool information management 
section 22 can manage extracted information regarding a 
working means model (including model data and reference 
position information) and information regarding a 
standard part model from the general controller 21 
(including model data and reference position information) 
in a related condition to each other based on attribute 
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information, thereby achieving enhancement in efficiency 
of information management regarding standard parts and 
actual parts. 

Accordingly, the general controller 21 and the 
part/tool information management section 22 described 
above function as a working means model information 
extraction section which refers to the actual model data 
storage section 11 based on information regarding a 
standard part model which forms design information of a 
design model to extract information regarding the working 
means model to be used to work the standard part model 
arranged in the design model. 

In this instance, the information regarding a 
standard part model arranged in a design model can include 
attribute information of a working means model related 
to the standard part model, and the part/tool information 
management section 22 refers to the actual model data 
storage section 11 based on the attribute information to 
extract a working means model. 

The simulation calculation execution section 23 
performs various calculation processes for simulating 
working for a standard part model arranged in a design 
model designed in a virtual three-dimensional space. 
Accordingly, by calculation of the simulation calculation 
execution section 23, the position of a working means 
model is moved in a virtual three-dimensional space to 
regenerate operation when the working means model works 
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a standard part model. 

In particular, by calculation of the simulation 
calculation execution section 23 described above, 
three-dimensional CAD data as an execution process or an 
execution result of a working simulation in a virtual 
three-dimensional space can be produced, and by using the 
three-dimensional CAD data produced by the calculation 
of the simulation calculation execution section 23, the 
general controller 21 can control the monitor 14 to 
display a manner of the working simulation. 

In other words, the general controller 21 and the 
simulation calculation execution section 23 function as 
a working simulation execution section which executes a 
simulation of working with a working means model for a 
standard part model described above based on design 
information of a design model inputted as file data and 
information regarding a working means model extracted by 
the part/tool information management section 22. 

Further, the general controller 21 and the 
simulation calculation execution section 23 described 
above can execute a working simulation based on 
information regarding a working condition described above 
for each of the working means models stored in the actual 
model data storage section 11. 

For example, when a working simulation with a 
working means model such as, for example, a spanner which 
requires, from a nature of working, a working space of 
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a predetermined magnitude therearound when it performs 
working, the general controller 21 and the simulation 
calculation execution section 23 can extract an ideal 
condition, a standard condition, a necessary least 
condition, a basic rotation unit or the like for working 
with the working means model from the actual model data 
storage section 11 and execute a working simulation based 
on the conditions. 

Further, the general controller 21 and the 
simulation calculation execution section 23 execute, for 
a working means model such as a hexagon wrench which can 
be operated in a plurality of methods , working simulations 
according to the plurality of operation methods in a 
priority order set in advance. 

The interference checking section 24 checks, while 
the general controller 21 and the simulation calculation 
execution section 23 described above execute a simulation 
of working with a working means model for a standard part 
model, interference of the working means model with any 
other part model. 

In other words, the interference checking section 
24 checks, based on three-dimensional CAD data produced 
by the general controller 21 and the simulation 
calculation execution section 23 described above, in a 
process of working performed by the working means model 
for the standard part model, whether or not the working 
means model interferes with any other part model. 
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The evaluation result management section 25 
performs calculation processing for evaluation of the 
workability based on a result of execution of a working 
simulation by the simulation calculation execution 
section 23 and a workability evaluation coefficient 
inputted through the general controller 21 and stored in 
the evaluation coefficient data storage section 12. A 
function as a workability evaluation section is 
implemented by the evaluation result management section 
25 and the general controller 21. 

In other words, the evaluation result management 
section 25 calculates data for evaluation of the 
workability with reference to standard working 
environment based on a result of execution of a working 
simulation of a working means model by the simulation 
calculation execution section 23 and a workability 
evaluation coefficient stored in the evaluation 
coefficient data storage section 12, and stores a result 
of the calculation into the evaluation result data storage 
section 13. 

Further, the evaluation result management section 
25 calculates , for a working means model for which working 
can be performed in a plurality of operation methods such 
as, for example, a hexagon wrench, data for evaluation 
of the workability for each of the operation methods of 
the working means model based on a result of execution 
a working simulation by the operation method and a 
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workability evaluation coefficient stored for the 
operation method of the working means model in the 
evaluation coefficient data storage section 12. 

In the processing unit 20 of the simulation 
apparatus 10 according to the embodiment of the present 
invention having the construction described above, data 
(design information) regarding a design model in a virtual 
three-dimensional space designed while a standard part 
model standardized in advance is arranged based on a 
predetermined specification model is inputted as file 
data from the computer 30, and a simulation of working 
for the standard part model is performed and a result of 
the simulation is displayed on the monitor 14. 

In particular, the general controller 21 and the 
simulation calculation execution section 23 can confirm, 
through a simulation of working performed with a working 
means model for the standard part model arranged in the 
design model based on the file data, whether or not there 
is a route along which the working means model can reach 
the standard part model without any interference and 
whether or not a working range amount necessary for the 
working means model to perform working is assured. 

It is to be noted that the actual model data storage 
section 11 of the simulation apparatus 10 stores attribute 
information regarding the working means model in a related 
condition to attribute information of the working means 
model to be used for the standard part model which forms 
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the design model. 

Consequently, information regarding the standard 
part model in the design information which forms the file 
data (that is, attribute information of the working means 
model to be used to work the standard part model) can be 
related to attribute information of the working means 
model stored in the actual model data storage section 11. 
Consequently, the working means model and the standard 
part model are related to each other. 

By such relating condition between the standard 
part model and the working means model as described above , 
when the simulation apparatus 10 starts a working 
simulation for the standard part model used upon designing 
of the design model, it rapidly acquires information 
regarding the working means model for the standard part 
model which makes a subject and executes a simulation of 
working to be performed for the standard part model, and 
a process of execution of the simulation is displayed on 
the monitor 14. 

In particular , referring to FIG. 11, the processing 
unit 20 of the simulation apparatus 10 receives an 
instruction based on an operation of the keyboard 15 or 
the mouse 16 regarding design data of a subject by the 
three-dimensional CAD system 31 fetched from the computer 
30 and executes a working simulation of the standard part 
model of the design model (step Bl ) . 

More particularly, the processing unit 20 of the 
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simulation apparatus 10 designates a certain standard 
part model from among part models arranged in a design 
model in a virtual three-dimensional space by means of 
the keyboard 15 or the mouse 16 and refers, by the 
part/tool information management section 22 thereof, to 
the actual model data storage section 11 to rapidly 
extract a working means model to be used to work the thus 
designated standard part model, arid then executes a 
working simulation . 

Here, the general controller 21 extracts attribute 
information of the working means model to be used to work 
the standard part model designated in such a manner as 
described above from within the file data fetched from 
the computer 30, and the part /tool information management 
section 22 refers to the actual model data storage section 
11 based on the extracted attribute information to acquire 
information regarding the working means model included 
in the attribute described above (step B2). 

It is to be noted that , if the information regarding 
the working means model acquired by the part /tool 
information management section 22 represents that a 
plurality of working means models corresponding to the 
attribute described above are available, the general 
controller 21 instructs the simulation calculation 
execution section 23 to perform calculation processing 
for executing a working simulation of the working means 
models successively in the descending order of the 
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priority degree based on a priority order set for the 
working means models. 

For example, if the attribute information of the 
standard part model arranged in the design model is the 
"medium-size screwdriver" (refer to FIG. 5), then the 
general controller 21 refers to the actual model data 
storage section 11 using the attribute information as a 
key to fetch information regarding the tool set 110A. 

In this instance, the standard part model arranged 
in the design model has information "medium-size 
screwdriver" as tool information (virtual tool 
information) to be used, and the part /tool information 
management section 22 acquires the tool set 110A as 
information regarding an actual tool model (actual model) 
based on the information "medium-size screwdriver" from 
the actual model data storage section 11. 

On the other hand, the general controller 21 
instructs the simulation calculation execution section 
23 to start calculation processing for execution of a 
working simulation beginning with, from between two 
screwdrivers which forms the tool set 110A, that 
screwdriver which has a higher priority degree as a 
screwdriver to be used based on the priority order set 
in advance (for example, beginning with that one of the 
two screwdrivers which has a longer shank) . 

It is to be noted that the priority degree mentioned 
above can be set based on evaluation coefficients 
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regarding the workability of individual working means 
models of the same attribute stored in the evaluation 
coefficient data storage section 12 such that a working 
means model having a higher workability has a higher 
priority degree set thereto. 

Further, also when a plurality of methods of use 
are available for a single working means model, the 
general controller 21 instructs the simulation 
calculation execution section 23 to perform calculation 
processing for execution of a working simulation 
successively for the methods of use in the descending 
order of the priority degree based on the priority order 
set in advance for the individual methods of use of the 
working means model. 

Also in this instance, the priority degrees 
mentioned above can be set based on workability evaluation 
coefficients set for the operation methods of the same 
working means model stored in the evaluation coefficient 
data! storage section 12 such that a working means model 
having a higher workability has a higher priority degree 
set thereto. 

Further, the general controller 21 receives the 
information regarding the working means model acquired 
by the part /tool information management section 22 and 
controls the monitor 14 so that the working means model 
for which a working simulation should be performed may 
be displayed together with the design model described 
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above on the monitor 14 (step B3) . Consequently, as 
three-dimensional CAD data to be processed in the 
simulation apparatus 10, the data of the working means 
model are handled simultaneously with the design data. 

Meanwhile, when the simulation calculation 
execution section 23 receives the instruction to perform 
calculation processing for execution of a simulation from 
the general controller 21, it calculates a route for 
arrival route confirmation from the reference position 
information of the subjeict standard part model in the 
virtual three-dimensional space and the reference 
position information of the workingmeans model ( step B4) . 

It is to be noted that, as described above, the 
reference position information of the standard part model 
described above is included in the file data as the design 
data inputted from the computer 30 while the reference 
position information of the working means model is 
included in the information regarding the working means 
model fetched by the part/tool information management 
section 22 referring to the actual model data storage 
section 11, and the simulation calculation execution 
section 23 calculates a route for arrival route 
confirmation based on the two kinds of reference position 
information described above. 

After the route for arrival route confirmation is 
calculated, the simulation calculation execution section 
23 calculates a unit movement distance (minimum distance) 
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to be used for movement of the working means model along 
the route from the model data of the standard part model 
and the working means model (step B6) . 

Then, by calculation of the simulation calculation 
execution section 23, position/posture data of the 
working means model after the working means model moves 
toward the standard part model along the route for arrival 
route confirmation by the unit movement distance 
calculated in such a manner as described above (step B7) . 

In other words, the general controller 21 and the 
simulation calculation execution section 23 perform a 
simulation of relationships in position and posture of 
the working means model to the standard part model based 
on the reference position information of the working means 
model and the reference position information of the 
standard part model. 

The interference checking section 24 performs 
interference checking processing for the three- 
dimensional CAD data after the movement by the unit 
movement distance described above. In particular, the 
interference checking section 24 checks based on the 
three-dimensional CAD data produced by the calculation 
of the simulation calculation execution section 23 
whether or not interference occurs between the working 
means model and some other part model or standard part 
model (steps B8 to BIO). 

In other words, the interference checking section 
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24 checks interference of the working means model 
including the route along which the working means model 
arrives at the standard part model when the standard part 
model arranged in the design part is to be worked using 
5 the working means model. 

In particular, until the interference checking 
section 24 detects that interference of the working means 
model with any model otlier than the subject standard part 
model occurs or the working means model arrives at the 

3 ; 
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jfl 10 reference position of the standard part model or else 
91 interference of the working means model with the standard 

ifi part model occurs, the simulation calculation execution 

yp section 23 moves the position of the working means model 

'fj described above toward the standard part model while it 

^ 15 causes the monitor 14 to display thereon a condition of 
^ the movement of the working means model through the 

'B general controller 21 (through the NO routes of steps B8 

to BIO to step Bll) . 

In short , a simulation is executed including a route 
20 along which a working means model arrives at a standard 

part model arranged in an apparatus /equipment model when 
the working means model is used to work the standard part 
model, or in other words, an arrival route for adjusting 
the working means model to the working position of the 
25 standard part model. 

Particularly, making use of the fact that 
information regarding the standard part model includes 
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such reference position information as indicated by, for 
example, reference symbol 32A' shown in FIG. 6 and 
information regarding the working means model includes 
such reference position information as indicated by, for 
example, reference symbol 11A- in FIG. 8, the reference 
position of the working means model is moved toward the 
reference position of the standard model while 
interference checking is performed in accordance with the 
necessity . 

Through the process that the process of the 
simulation is displayed on the monitor 14 under the 
control of the general controller 21 while calculation 
of the simulation calculation execution section 23 and 
interference checking of the interference checking 
section 24 are performed (step Bll), confirmation of the 
arrival route along which the working means model when 
working is started arrives at the position of the standard 
part model is simulated while a manner in which the working 
means model moves step by step by the unit movement 
distance is displayed on the monitor 14. 

In other words, in the process wherein the model 
110A-1 of a screwdriver as the working means model arrives 
at the model 32-1 of a screw as the standard part model, 
if the model 110A-1 of a screwdriver interferes with 
another part model 33, the interference checking section 
24 outputs a signal representing this, thereby allowing 
discrimination that there is a trouble in working as a 
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result of occurrence of interference. 

If a result of the working simulation proves that, 
for example, the model 110A-1 of a screwdriver arrives 
at the model 32-1 of a screw without any interference with 
the other part model 33 as seen in FIG. 13B, then 
occurrence of interference is not detected by the 
interference checking section 24. However, if 
interference of the model 110A-1 of a screwdriver occurs 
with the other part model 33 in the process wherein the 
model 110A-1 of a screw arrives at the model 32-1 of a 
screw as seen in FIG. 13A, then the interference checking 
section 24 detects this occurrence of interference. 

It is to be noted that FIGS. 16 to 19 illustrate 
an example of a displaying manner on the monitor 14 upon 
confirmation of an arrival route of a model (working means 
model) 43 of a screwdriver to be used to work a model 
(standard part model) 42 of a screw arranged on a design 
model 41. 

In particular, in FIGS. 16 to 19, there is 
illustrated an example wherein it is displayed on the 
monitor 14 that the model (working means model) 43 of a 
screwdriver moves step by step by the unit movement 
distance following the route for arrival route 
confirmation without interfering with any other part 
model (refer to FIG. 16 to FIG. 17 or FIG. 17 to FIG. 18) 
until it arrives at the position of the model 42. 

Here, if a result of the interference checking 
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performed by the interference checking section 24 while 
the working means model is moved toward the subject 
standard part model as described above proves that 
interference of the working means model with any other 
model than the standard part model occurs, then the 
interference condition which occurs after the movement 
of the working means model is displayed on the monitor 
14 under the control of the general controller 21 (from 
the YES route of step B8 to step B12) . 

In other words, when interference of the working 
means model occurs in the process of execution of working 
to be performed for the standard part model by the working 
means model, the monitor 14 displays the interference 
occurrence condition . 

In this instance, when the simulation calculation 
execution section 23 confirms the arrival route of the 
working means model, if rotation of the working means 
model around a particular axis is permitted (the YES route 
of step B13), then the simulation calculation execution 
section 23 produces three dimensional CAD data after 
rotation of the position of the working means model by 
a predefined amount around the particular axis by 
calculation (step B14) and then calculates the unit 
movement distance together with the route for arrival 
route confirmation newly (steps B4 and B6) . 

For example, where rotation around a particular 
axis is defined when the reference positions of a standard 
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part model and a working means model are to be adjusted 
to each other like a spanner, even if the arrival route 
cannot be confirmed when such rotation is not performed, 
it is only required that the arrival route can be confirmed 
based on some other rotation condition. 

Further, when the arrival route of the working means 
model is confirmed by the simulation calculation 
execution section 23, "if rotation of the working means 
model around the particular axis is not permitted (the 
NO route of step B13), then if the working means model 
has some other method of use (the YES route of step B15) , 
then the simulation calculation execution section 23 uses 
the reference position of the working means model 
according to the method of use (step B16) to calculate 
the unit time distance together with the route for arrival 
roue confirmation newly (steps B4 and B6) . 

After the unit movement distance is calculated 
together with the route for arrival route confirmation 
newly in such a manner as described above, the general 
controller 21 and the simulation calculation execution 
section 23 execute a simulation for arrival route 
confirmation again to move the working means model toward 
the standard part model on the monitor 14 while the 
interference checking section 24 performs interference 
checking as described above (the closed loop of step B7, 
the NO routes of steps B8 to BIO and step Bll). 

It is to be noted that, if it is discriminated in 
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step B15 described above that the working means model has 
no other method of use, then the general controller 21 
checks the attribute information of the standard part 
model described above to discriminate whether or not there 
is some other available working means model (step B17) . 

If there is some other available working means model , 
then the general controller 21 controls the monitor 14 
to display the working means model and executes a 
simulation for arrival route confirmation including 
interference checking similar to that described 
hereinabove (from the YES route of step B17 to steps B4 
to Bll) . However, if there is no other available working 
means model, then the general controller 21 records the 
process till then and reports it as a simulation result 
through a printing apparatus not shown or the monitor 14 
(steps B18 and B19) . 

By the way, if it is discriminated in step B9 or 
step BiO described above that the working means model 
arrives at rh£ position of the standard part model without 
suffering from liit^rference with any other part model 
(when it is detected thats^he working means model arrives 
at the standard part modei^or it is detected that 
interference between the workingxmeans model and the 
standard part model 42 occurs) , th^n the general 
controller 21 controls the monitor 14 to^display the 
condition after the movement (stepB20; refer to PNCG. 19), 
and the evaluation result management section^ 25 
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calculates a workability evaluation coefficient 

result of the calculation into the evaluation result data 
storage section 13 (step B21) . 

When confirmation of the route along which the 
working means model moves from the remote position to the 
position of the standard part model is performed as 
described above and a route along which the working means 
model can arrive at the position of the standard part model 
without suffering from interference is confirmed 
successfully, a simulation of working to be performed for 
the standard part model with the working means model can 
be executed subsequently to confirm the working range 
amount . 

In particular, when an actual working means such 
as a tool works a standard part to perform working such 
as assembly working, disassembly working or adjustment 
working of a subject, a working space other than the 
configuration of the tool may be required depending upon 
the nature of the tool model. In this instance, it is 
required to confirm whether or not there is such a working 
space around the standard part model arranged in the 
design model . 

For example, when a model 51 of a bolt as a standard 
part model is to be worked using a model 52 of a spanner 
as seen in FIG. 14, as a working rage of the model 52 of 
a spanner, it is ideal to assure a working space over 360 
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degrees (refer to reference symbol S) . However, such a 
situation possibly occurs that, due to interference with 
some other part, the working range can be assured only 
over a range of, for example, 240 degrees (refer to 
reference symbol R) or 120 degrees (refer to reference 
symbol Q) . In this manner, the model 52 of a spanner has 
a nature that the workability thereof varies depending 
upon the magnitude of" the working range. 

In other words, even if a tool model can arrive at 
the position of a subject standard part model without any 
interference, it is not guaranteed that the tool model 
can be used appropriately. Therefore, after it is 
checked in steps B20 and B21 described above that the 
predetermined position is reached, if necessary, also 
checking of the workability of the tool model is 
performed. 

It is to be noted that whether or not checking of 
the workability of the tool model is required may be set 
using the keyboard 15 or the mouse 16 or may be determined 
by the general controller 21 from data regarding the 
standard part model and/or data regarding the working 
means model. 

Here, if confirmation of the working range is not 
required when working is performed for the standard part 
model by the working means model as seen in FIG. 12 (the 
NO route of step B22), then a result of the simulation 
regarding the arrival route confirmation described above 
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is reported (step B19) , but if confirmation of the working 
range is required (the YES route of step B22), then the 
simulation calculation execution section 23 calculates 
a minimum unit working amount (movement amount, rotation 
amount or the like) based on the working range data (step 
B23) . 

For example, with such a model 52 of a spanner as 
shown in FIG. 14, the minimum working range when it works 
a model 51 of a bolt is a range of a turning angle of 60 
degrees (refer to reference symbol P) , and where the model 
52 is used as a working means model, the simulation 
calculation execution section 23 calculates a working 
amount of turning motion of 60 degrees as a result of 
calculation of the minimum unit working amount mentioned 
hereinabove. 

After the simulation calculation execution section 
23 calculates the minimum unit working amount in this 
manner, the simulation calculation execution section 23 
produces, by calculation, position/posture data of the 
position/posture after the working means model is 
operated by the minimum unit working amount calculated 
in such a manner as described above (step B24) . 

When the working means model is operated based on 
the calculation of three-dimensional CAD data by the 
simulation calculation execution section 23, the 
interference checking section 24 checks based on the 
three-dimensional CAD data produced by the calculation 
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of the simulation calculation execution section 23 
whether or not interference of the working means model 
with some other part model or standard part model occurs 
(step B25) . 

If interference of the working means model with any 
other model than the subject standard part model does not 
occur when the working means model is operated by the 
minimum unit working amount as described above, then the 
design model is displayed together with the working means 
model after the movement on the monitor 14. Thereafter, 
if interference of the working means model with some other 
part model does not occur, the processing of performing 
interference checking while the working means model is 
successively moved step by step by the minimum unit 
working amount and displaying the models after the 
movement on the monitor 14 is repeated in a similar manner. 

In other words, until it is detected by the 
interference checking section 24 that interference of the 
working means model with any model other than the subject 
standard part model occurs or it is detected that a tool 
ideal working condition is satisfied without suffering 
from interference, the working means model is 
successively operated step by step by the minimum unit 
working amount described above and a manner of the 
movement by the working means model is displayed on the 
monitor 14 (the closed loop including step B24, the NO 
route of step B25, the NO route of step B26 and step 27) . 
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Here, if a result of interference checking 
performed by the interference checking section 24 while 
the working means model is operated in such a manner as 
described above proves that interference of the working 
means model with any other model than the standard part 
model occurs, then the interference condition which 
occurs after the movement of the working means model is 
displayed on the monitor 14 under the control of the 
general controller 21 (from the YES route of step B25 to 
step B28) . 

In other words, when interference with the working 
means model occurs in the process of execution of working 
to be performed for the standard part model with the 
working means model, the monitor 14 displays the 
interference occurring condition. 

In this instance, if a working amount with which 
no interference occurs has been confirmed by a working 
operation of the working means model performed in the 
virtual three-dimensional space, or in other words, if 
such a working condition as at least satisfies the 
requirement that no interference occurs even if the 
working means model is operated with the minimum unit 
working amount has been confirmed by the processing in 
steps B24 to B27 described above, then the simulation 
calculation execution section 23 calculates a working 
range amount over which working can be performed taking 
the basic working unit amount of the working means model 
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itself into consideration (from the YES route of step B29 
to step B37) . 

Similarly, even if no interference occurs when the 
working operation of the working means model is performed 
in the ideal working condition in the virtual three- 
dimensional space, the simulation calculation execution 
section 23 calculates a working range amount over which 
working can be performed taking the basic working unit 
amount of the working means model itself into 
consideration (from the YES route of step B26 to step B37) . 

More particularly, a model 52 of a spanner which 
works a model 51 of a bolt shown in FIG. 15 can work only 
within a range within which no interference thereof with 
another part model 53 occurs, and can be turned within 
a range of 90 degrees in the maximum (refer to an angle 
a in FIG. 15) . In this instance, since the basic turning 
unit of the tool is 60 degrees, the simulation calculation 
execution section 23 can calculate a working range of 60 
degrees (refer to an angle )3 in FIG. 15) as the minimum 
unit working amount described above. 

^^When the working range amount is calculated in such 
a manneiN^s described above, the evaluation result 
management sectleii 25 calculates a working evaluation 
coefficient for the woHqiig range amount and registers 
a result of calculation into^t^ie evaluation result data 
storage section 13 (step B38) /V Then, the general 
controller 21 reports the process till then (for example, 
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the result of confirmation of the arrival route of the 
working means model, the result of confirmation of 
calculation of the warEo!T]pT'«^ and the result 

of evaluation of the workability) as a simiiTa^ETcm-^^iilt 
through the printing apparatus not shown, the monitor 14 
and so forth (step B19) . 

It is to be noted that , in this instance , the working 
means model whose working range amount has been confirmed 
is displayed on the monitor 14 such that the original 
arrival route is traced reversely from the position of 
the standard part model worked by the working means model 
so that the working means model is successively spaced 
away by a condition defined in advance (for example, by 
the unit movement distance mentioned hereinabove) , and 
after the working means model is spaced away by a 
predefined distance from the position of the subject, the 
display of the working means model is erased. 

For example, if a simulation of working wherein a 
model 42 of a screw as a standard part model arranged on 
a design 41 is worked using a model 43 of a screwdriver 
as a working means model as seen in FIG. 16 is executed, 
then as a result of the simulation, such a series of 
manners as seen in FIGS. 17 to 24 can be displayed on the 
monitor 14. 

In particular, the model 43 of a screwdriver 
displayed as a working means model to be used to work the 
model 42 of a screw as a standard part model successively 
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moves by each unit distance along the calculated route 
for arrival route confirmation (refer to FIG. 17 to 
FIG. 18, or FIG. 18 to FIG. 19) until it reaches the 
position of the model 42 of a screw (refer to FIG. 19) . 

Here, in order to perform confirmation of a working 
range, a simulation of working of the model 42 of a screw 
with the model 43 of a screwdriver is performed 
subsequently to confirm a working range amount necessary 
for the working with the working means model (FIG. 20). 

In other words, the monitor 14 displays, as an 
execution process of the simulation of working, a process 
until the model 43 of a screwdriver arrives at the model 
42 of a screw which provides a subject position and a 
manner of working which is performed by the model 43 of 
a screwdriver based on a condition defined in advance. 

After the working is completed, the model 43 of a 
screwdriver moves away from the position of the model 42 
of a screw tracing the original route (FIGS. 21 to 23). 
After the model 43 of a screwdriver moves by a 
predetermined distance away from the position of the model 

42 of a screw, the display of the model 43 is erased 
(FIG. 24). 

In other words , after working performed by the model 

43 of a screwdriver based on the condition defined in 
advance is completed, the monitor 14 first displays that 
the model 43 of a screwdriver moves away from the model 
42 of a screw as the subject position based on the 
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condition defined in advance for the model 42 of a screw, 
and then erases the display of the model 43 of a 
screwdriver after the model 43 of a screwdriver moves by 
the predefined value away from the subject position. 
5 It is to be noted that, in this instance, if a 

simulation of working to remove the model 42 of a screw 
with the model 43 of a screwdriver is performed, then the 
display of the model 43 of a screwdriver and the model 
42 of a screw is erased after the model 43 of a screwdriver 
10 moves by the predefined distance away from the subject 
position . 

By the way, if, upon working by the working means 
model described above, interference occurs upon movement 
of the working means model by the minimum unit working 

15 amount and the particular condition which satisfies the 
requirement is not reached (the NO route of step B29), 
then if rotation of the working means model around a 
particular axis is permitted upon route confirmation (the 
YES route of step B30) , then the simulation calculation 

20 execution section 23 produces, by calculation, 
position/posture data for rotating the working means 
model around the particular axis, and interference 
checking is performed while the working means model is 
operated in a similar manner as described above (from step 

25 B31 to step B24) . 

In particular, for example, for the model 51 of a 
bolt which is worked by such a model 52 of a spanner as 
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described hereinabove with reference to FIG. 14, it is 
necessary to confirm a plurality of positional 
relationships to the model 52 of a spanner as a working 
means model. This is because, for example, even if 
interference occurs when the reference position of the 
model 51 of a bolt and the reference position of the model 
52 of a spanner are adjusted to each other, interference 
does not sometimes occur when the model 52 of a spanner 
is in a positional relationship turned by 60 degrees. 

Further , even if rotation of the working means model 
around the particular axis is not permitted upon route 
confirmation described above (the NO route of step B30) , 
if the working means model has another available method 
of use (the YES route of step B32) , the reference position 
according to the available method of use is used to 
calculate a minimum unit working amount newly, and 
interference checking is performed while the working 
means model is operated to perform confirmation of the 
working range amount (from step B33 to step B23) . 

Further, also when the working means model 
described above has no other available method of use (the 
NO route of step B32) , if the subject standard part model 
has another available working means model (the YES route 
of step B34) , then the working means model is read out 
by the part /tool information management section 22 and 
displayed on the monitor 14 so that a simulation for 
arrival route confirmation is executed newly (from step 
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B36 to step B3) . 

When the working means model described above has 
no other available method of use (the NO route of step 
B32), if no other working means model is available (the 
NO route of step B34) , then the general controller 21 
records the process till then and reports it as a 
simulation result through the printing apparatus not 
shown or the monitor 14 (steps B35 and B19) . 

Accordingly, where a plurality of working means 
models are related to a standard part model in such a 
manner that, for example, as described hereinabove with 
reference to FIG. 5, the tool set 110A including the two 
drives 110A-1 and 110A-2 are related as a working means 
model with the standard part model 32-1, a working 
simulation is performed not using the two screwdrivers 
simultaneously, but an order in use of the two 
screwdrivers is determined depending upon a priority 
order defined in advance. 

For example, if the screwdriver 110A-1 having a 
shorter shank in the tool set 110A shown in FIG. 5 has 
a higher priority order, then a simulation is executed 
first using the screwdriver 110A- 1 having a shorter shank . 
If a result of the simulation reveals that interference 
occurs, for example, as seen in FIG. 13A and it is 
determined that the screwdriver 110A-1 cannot be used, 
then the other screwdriver 110A-2 having a longer shank 
in the tool set 110A of FIG. 5 is used to perform a 
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simulation again. 

If a result of the simulation reveals that no 
interference occurs as seen, for example, in FIG. 13B, 
then it is determined that assembly of the standard part 
model 32-1 as a fastening part is possible, and this is 
displayed on the monitor 14. Further, a result of 
workability evaluation calculated by the evaluation 
result management section 25 where the longer screwdriver 
110A-2 having a lower priority degree is stored into the 
evaluation result data storage section 13. 

While examples of operation of a working simulation 
of a working means model where principally a tool model 
such as a screwdriver or a hexagon wrench is used as the 
working means model are described in detail above with 
reference to FIGS . 11 and 12, a working simulation similar 
to that described above can be performed also in a case 
wherein working is performed for a standard part model 
using a model of a hand of a human being. 

In particular, when working is performed for a 
standard part model by a hand of a worker itself, the hand 
of the worker is set to a working - means model, and a 
simulation of working can be executed to confirm a 
relative magnitude of the working means model relative 
to the other part models, a working range or a working 
method . 

In this instance, that a standard part model is 
related to information of a plurality of tool models 



68 

corresponds to that the standard part model is related 
to hand models of different sizes, and that a tool model 
possibly has a plurality of methods of use corresponds 
to that a hand model has a plurality of available methods 
of use such as grasping and nipping. 

In this instance, when the execution process of the 
simulation of the working is displayed in the virtual 
three-dimensional space on the monitor 14, the working 
means model having a shape suitable for its object of use 
is displayed in the virtual three-dimensional space. 

For example, if a simulation of working wherein a 
hand model 62 as a working means model is used for a 
standard part model 61 arranged on a design model to grasp 
and pull the standard part model 61 is executed in a 
similar manner as described above, then such forms as 
shown in FIGS. 25 to 30 are displayed as a result of the 
simulation on the monitor 14. 

In particular, in order to perform a simulation 
wherein the standard part model 61 having a reference 
position 61' is grasped and pulled using the hand model 
62 displayed in such a manner as shown in FIG. 25, a middle 
point 62-1 between the reference position 62A' of the 
forefinger model 62A and the reference position 62B* of 
the thumb model 62B which are components of the hand model 
62 is calculated. 

Further, the simulation calculation execution 
section 23 moves the hand model 62 by calculation of the 
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three-dimensional CAD data so that the middle point 62-1 
described above may approach the reference position 61* 
of the standard part model 61 side until the position of 
the middle point 62-1 comes to the reference position 61' 
as seen from FIGS. 25 and 26. 

Further, the simulation calculation execution 
section 23 defines in advance a calculation technique of 
three-dimensional CAD data for performing working of the 
hand model 62 to grasp, and moves the reference positions 
62A' and 62B' defined on the hand model 62 side toward 
the reference position of the standard part model 61 as 
seen in FIG. 27 (refer to the closed loop of steps B7 to 
Bll of FIG. 11) . 

It is to be noted that, when a working means model 
having a movable portion like the hand model 62 is moved 
nearer, position/posture data can be produced using, for 
example, a technique of inverse kinematics. 

Further, if, in the process wherein the reference 
positions 62A' and 62B' of the hand model 62 are moved 
toward the reference position of the standard part model 
61, interference occurs between the forefinger model 62A 
and the standard part model 61 and between the thumb model 
62B and the standard part model 61 without causing 
interference between the hand model 62 and any other model 
than the standard part model 61, then an arrival route 
until the hand model 62 described above grasps the 
standard part model 61 can be confirmed (refer to steps 
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B20 and B21 of FIG . 11) . 

Further , by pulling the standard part model 61 while 
the standard part model 61 is grasped by the hand model 
62 as seen in FIG. 29, a working range amount can be 
confirmed. Then, when the position of the hand model 62 
is spaced away by the prescribed distance from the 
original position of the standard part model 61 as seen 
in FIG. 30, the display of the hand model 62 on the monitor 
14 can be erased. 

It is to be noted that the predefined value for 
erasing such a working means model displayed on the 
monitor 14 as described above can be determined from a 
relationship between a constant stored in the actual model 
data storage section 11 depending upon the working means 
model and a manner of use of the working means model and 
the size of a parallelepiped or spherical member or a like 
member which contains the subject standard part model and 
other design subject data present in the virtual 
three-dimensional space. 

Also when a hand model 63 as a working means model 
performs a simulation of working to push the standard part 
model 61, the simulation apparatus 10 performs basically 
similar processing to that for the working simulation with 
a tool model described above and the monitor 14 can display 
a process of the working simulation in such a manner as 
seen in FIGS. 31 and 32. 

In particular, the simulation calculation 
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execution section 23 defines in advance a calculation 
technique of three-dimensional CAD data for the hand model 
63 to push a standard part model as shown in FIGS. 31 and 
32 so that the working of folding a thumb model 63B having 
a reference position 63B' and pushing the standard part 
model 61 with a forefinger model 63A having a reference 
position 63A' can be regenerated in the virtual 
three-dimensional space. 

It is to be noted that, when a working simulation 
is performed using the hand model described above as a 
working means model, shape data corresponding to various 
working manners such as grasping and pulling, pushing and 
gripping are stored in the actual model data storage 
section 11 so that suitable shape data (or size data) of 
the hand model can be selectively used from among the 
stored working manners in accordance with a working manner 
used. 

In this instance, it may be possible, for example, 
to use data only of a finger tip as model data, to use 
data of a hand from the finger tips to the wrist as model 
data or to use the hand from the finger tips to the forehand 
as model data. 

The information regarding the working means models 
(actual models) stored in the actual model data storage 
section 11 of the simulation apparatus 10 in the present 
embodiment can be modified suitably, for example, in 
accordance with a flow chart of FIG. 33 in response to 
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an operation of the keyboard 15 or the mouse 16. 

First, if the general controller 21 of the 
simulation apparatus 10 receives an instruction based on 
an operation of the keyboard 15 or the mouse 16 to change 
the information regarding a working means model stored 
in the actual model data storage section 11 (step SI), 
then it displays virtual tool information as attribute 
information so that it may receive a selection instruction 
of the virtual tool information which makes a subject of 
the change . 

In particular, if data (design data) of a design 
model which makes a subject of the simulation has already 
been read in (the YES route of step S2) , then the general 
controller 21 controls the monitor 14 so that attribute 
information of working means models to be used to work 
all standard part models used in the design model may be 
displayed as virtual tool information in the form of a 
list on the monitor 14 (step S3) and receives a selection 
instruction of the virtual tool information which makes 
a subject of the change (step S4) . 

Qn the other hand, when data of the design model 
which makes a subject of the simulation has not been read 
in as yet (the NO route of step S2), then the general 
controller 21 controls the monitor 14 so that all 
attribute information regarding the working means models 
stored in the actual model data storage section 11 may 
be displayed as virtual tool information in the form of 
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a list on the monitor 14 and receives a selection 
instruction of the virtual tool information which makes 
a subject of the change (step S5) . 

Then, if a working means model or models other than 
working means models related at present to the virtual 
tool information designated as a subject of the 
modification in step S4 or S5 described above are present 
under the control of the system (the YES route of step 
S6) , then the general controller 21 controls the monitor 
14 to display those working means models which can be 
changed under the control of the system (step S7) and 
receives a selection instruction of a working means model 
to be related newly (step S8) . 

On the other hand, if no working means model other 
than working means models related at present to the 
virtual tool information designated as a subject of the 
change is present under the control of the system (the 
NO route of step S6) , then the general controller 21 
receives an instruction of a location of the working means 
model to be related newly (step S9) and then performs 
processing of moving or copying the data under the control 
of the system (step S10) . 

Then, new relating operation of the virtual tool 
information described above to the working means model 
selectively designated in step S8 or S9 as described above 
is performed (step Sll). 

In this manner, with the simulation apparatus 10 
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according to the present embodiment, as information 
regarding the working means models stored in the actual 
model data storage section 11 and the standard part models 
are related to each other by coordination of attribute 
information, a working means model related to a standard 
part model used upon designing of a design model can be 
acquired rapidly and a simulation of working to be 
performed for the standard part model can be executed 
using the acquired working means model. Consequently, 
during designing of an apparatus /equipment model in which 
a three-dimensional CAD system is used, there is no need 
of registering information regarding an actual tool into 
design data themselves in advance. Consequently, there 
is an advantage that the efficiency of modeling operation 
by a three-dimensional CAD system can be improved. 

Further, even if, during designing of an 
apparatus /equipment model in which a three-dimensional 
CAD system is used, design data are produced without 
performing such working as retrieval or relating 
operation of part models, since a simulation of working 
for standard part models arranged in the design data can 
be executed, a simulation can be performed also at an 
initial stage or in the source of designing. 
Consequently, there is an advantage that a simulation can 
be performed in the further upstream designing stage and 
leakage of interference checking of an apparatus or 
equipment after completion of designing can be prevented. 
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Since the workability can be verified without 
imposing an unnecessary designing time upon a designer 
through reduction of the frequency of doing over again 
of a part shape changing work or an assembling work of 
a three-dimensional CAD model, which provides a high 
working load, such as, for example, modification to a 
metal mold or variation of a shape of an actual part 
necessitated from a design change, the working efficiency 
can be raised remarkably. 

Further, since notice is taken of standard parts, 
there is no need of updating a database or tables regarding 
working means models or standard part models for each 
design subject, and the load of preparations to a person 
who performs a simulation is reduced. 

Furthermore, since attribute information of a 
working means model to be used to work can be included 
in information regarding a standard part model , even where 
the actual working means model is different because of 
a difference , for example , of an assembly line or a factory , 
there is no need of varying simulation conditions other 
than design data and the working means model, and the 
man-hours necessary for simulation working are reduced 
significantly. This provides another advantage that, 
since it is not necessary for the system to always store 
information regarding a large number of working means 
models, a simulation can be performed with a smaller 
amount of computer resources. 
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Further, since information regarding the working 
means models stored in the actual model data storage 
section 11 includes reference position information of the 
working means model side when a working means model works 
a standard part model and design information of a design 
model includes reference position information of the 
standard part model side when the working means model 
works the standard part model, it can be stored what tool 
is used in what positional relationship to the standard 
part model, and there is no need of getting aware of a 
type of a tool model to be used upon execution of a 
simulation or a positional relationship of the tool model 
to the standard part model and an efficient simulation 
operation can be performed simply. This also contributes 
to improvement in quality of a design subject. 

In particular, while it matters whether or not a 
tool can arrive at a subject article and, even if it can 
arrive, it is important that it can arrive by a simple 
method, with the simulation apparatus 10 according to the 
present embodiment, cumbersome position designation for 
confirming the above on a computer can be eliminated. 

Further, although the actual workability is 
different whether a standard tool is used or a special 
tool is used or where the same tool is used in a different 
manner, the workability can be evaluated while taking such 
a difference in workability into consideration. 
Consequently, there is an advantage that evaluation of 
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the workability can be made further conform to real 
working. 

It is to be noted that the present invention is not 
limited to the embodiment described above and can be 
carried out in various forms without departing from the 
scope and spirit of the present invention. 

For example, as seen in FIG. 34, a single computer 
10A may have the functions of the computer 30 as a 
designing supporting apparatus (including the functions 
of the three -dimensional CAD system 31 and the standard 
part library 32) and the functions as the simulation 
apparatus 10 in the embodiment described above. 

In this instance, the computer 10A includes, as 
hardware components thereof, as seen in FIG. 35, an actual 
model data storage section 11, an evaluation coefficient 
data storage section 12, an evaluation result data storage 
section 13, a monitor 14, a keyboard 15 and a mouse 16 
similar to those in the embodiment described above, and 
further includes a processing unit 20A and a standard part 
library 32. 

The processing unit 20A includes a part /tool 
information management section 22, a simulation 
calculation execution section 23, an interference 
checking section 24 and an evaluation result management 
section 25 similar to those in the embodiment described 
above, and further includes a general controller 21A and 
a three-dimensional CAD system 31 (refer to FIG. 34) . 
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The general controller 21A may perform memory 
accessing to acquire three-dimensional CAD data produced 
by the three-dimensional CAD system 31 as design data for 
executing a working simulation. 

In the computer 10A having such a construction as 
described above, design data designed by the three- 
dimensional CAD system 31 can be delivered to the general 
controller 21 or the simulation calculation execution 
section 23 on a memory (not shown) without converting them 
into a file. Consequently, similar advantages to those 
of the embodiment described above can be achieved. 

Further, the simulation processing which is 
performed subsequently in the embodiment described above 
when arrival route confirmation of a working simulation 
or confirmation of a working range amount proves that 
interference of a working means model with any other part 
model than a standard part model occurs is not limited 
to such simulation processing as described hereinabove 
with reference to FIGS. 11 and 12, and one of a process 
of searching for another route, another process of 
searching for another tool or a further process of 
searching for a different manner of use may be selectively 
performed . 

Further, while, in the embodiment described above, 
where a tool is used to work a standard part model, only 
the tool is displayed as a working means model, the manner 
of display is not limited to this, and a tool and a hand 
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of a worker who uses the tool may be determined as a working 
means model to execute a simulation of working in order 
to confirm the magnitude, working range or working method 
of the working means model. According to this, a 
simulation which takes also a working space of the hand 
of the worker who uses the tool into consideration can 
be performed when compared with the case of the embodiment 
described above. Consequently, a simulation can be made 
further conform to actual working. 



